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Abstract 
 In this paper the authors carry out a multiple level, multiple criteria evaluation of 18 urban transportation projects. At each level 
of the hierarchical decision problem different multiple criteria ranking sub-problems have been structured and solved with the 
application of AHP method, ELECTRE III/IV method and their combination (AHP/ELECTRE III/IV). Thus, the computational 
phase allowed for testing the above mentioned multiple criteria ranking methods, i. e.: AHP and ELECTRE III/IV and analyzing 
their suitability for performing a multiple level, multiple criteria evaluation of transportation projects. Due to axiomatic 
differences between methods alternative aggregation formulas of the generated rankings by ELECTRE III/IV and AHP methods 
have been proposed. A multi - aspect discussion and comparison of generated results and applied methods have been presented. 
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1. Introduction 
One of the major tasks in urban transportation management is monitoring the current condition of urban 
transportation and implementing specific projects to improve it. Assessment and selection of the proposed 
improvements and their variants necessitate analysis with the use of selected methodologies which provide 
appropriate tools (methods) (Beder, 2000; Belton & Stewart, 2002). Evaluation and selection of transportation 
projects (TP-s) (especially infrastructural ones) constitutes an important decision-making topic and is widely 
discussed in professional literature (Caliskan, 2006; Cascajo, 2005; Cascetta, 2009; Kruszynski, 2014; Zak, 2005). 
In the case of urban transportation, this problem is often interconnected with budget planning for a huge 
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agglomeration and prioritizing the implementation of specific transportation-related investments. 
From among project evaluation methodologies presented in the literature (see section 2.3) (Gercek, Karpak,  
& Kilincaslon, 1998) multiple-criteria decision making/aiding (MCDM/A) enjoys increasing popularity. MCDM/A 
methods allow for taking into account subjective decision maker’s (DM’s) and interveners' preferences and 
transforming them into objective quantitative measures (Zak, 2005). This objectification and transparent way of 
caring out the evaluation accounting for multiple aspects are especially valuable for analyzing transportation 
projects (Kruszynski, 2014). Therefore, in many reports authors present practical applications of MCDM/A 
methodology for analysis, evaluation and ranking of specific transportation-related investments (Gercek, Karpak,  
& Kilincaslon, 1998; Caliskan, 2006; Cascajo, 2005; Hayashi & Morisugi, 2000; Morisugi, 2000).  
In this article the authors define the question of evaluating urban transportation projects (TP-s) as a multiple 
level, multiple criteria ranking problem. This problem is associated with assessment of transportation investments of 
different character, including projects concerning public transportation, private transportation, individual non-
motorized transportation (pedestrians, cyclists) and integration of transportation modes. Assessment of the above 
mentioned projects is carried out on three levels of city governance: strategic, tactical and operational. On each level 
of the analysis the TP-s are evaluated from different perspectives, including: subject-matter perspective (at the 
operational level), transportation policy perspective (at the tactical level) and the overall metropolitan area 
perspective (at the strategic level). As a result, different families of criteria are applied to evaluate the projects at 
those levels and three different rankings of the projects are generated. These rankings require overall aggregation to 
produce the final order of TP-s. In addition, at the operational - subject-oriented level different categories of urban 
transportation projects (e.g. public transportation, non-motorized transportation projects) are evaluated separately by 
the respective and appropriately customized families of criteria. Consequently, a certain number of rankings, 
corresponding to the number of the projects' categories must be produced at the operational level. As a result, 
several aggregation procedures are required to generate a final ranking of all considered transportation projects 
(Kruszynski & Zak, 2015). 
It is worth emphasizing that at each level of the analysis respective multiple criteria ranking problems are 
considered. They can be solved with the application of various multiple criteria ranking methods. In this paper the 
authors test two MCDM/A methods, i.e.: AHP and ELECTRE III/IV. They carry out the computational experiments 
resulting in the evaluation of 18 urban TP-s. The analysis is performed within a universal methodological 
framework of multiple criteria evaluation of TP-s.  At each level of the hierarchical decision problem, different 
multiple criteria ranking sub-problems have been structured and solved with the application of AHP method, 
ELECTRE III/IV method and their combination (AHP/ELECTRE III/IV). Due to axiomatic differences between 
methods, alternative aggregation formulas of the rankings generated by ELECTRE III/IV and AHP methods have 
been proposed. A multi - aspect discussion and comparison of generated results and applied methods have been 
presented. 
The article is composed of 5 sections. Sections 1 presents preliminary considerations and introduces the reader 
into the topic considered. Section 2 presents methodological background of the research. It contains the theoretical 
introduction into the field of Multiple Criteria Decision Making/Aiding (MCDM/A) and the description of 
MCDM/A methods: AHP and ELECTRE III/IV, applied in the phase of computational experiments. Section 3 
characterizes multiple level, multiple criteria evaluation of transportation projects. Section 4 is focused on the 
construction of variants/TP-s, definition of the consistent families of criteria and presentation and analysis of results 
of computational experiments. Section 5 presents conclusions and summary of the article. The paper is 
supplemented by the list of references. 
2. Theoretical background of the research 
2.1 The Methodology of MCDM/A  
 
Multiple Criteria Decision Making/Aiding (MCDM/A) is a field of study that originates in Operations 
Research - OR (Hillier & Lieberman, 2001) and focuses its efforts on solving multiple criteria decision problems. 
These problems are such complex decision situations in which several, often contradictory, points of view must be 
taken into account (Vincke, 1992). The multiple criteria decision problem may refer to three alternative situations 
that consist in (Roy, 1990; Vincke, 1992):  
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x choosing the best/ most desirable variant from all feasible variants/ solutions (choice problematic), 
x sorting the variants, i.e. assigning them into predefined classes (sorting problematic), 
x ranking the variants, i.e. ordering them from the best to the worst (ranking problematic).  
The major components of each multiple criteria decision problem are: a set of actions/ variants/ solutions A and 
a consistent family of criteria F. The set of A can be defined directly in the form of a complete list or indirectly in 
the form of certain rules and formulas that determine feasible actions/ variants/ solutions, e.g. in the form of 
constraints (Zak, 1999). The consistent family of criteria F has the following features (Roy, 1990): 
x it provides a comprehensive and complete evaluation of the set A,  
x it is consistent with the DM’s global preferences, which means that each criterion in F contributes to the overall 
satisfactory expression of the DM’s expectations and interests,  
x it is non-redundant, which means that each criterion is not co-related with other criteria in F and its domain is 
disjoint with the domains of other criteria. 
The MCDM/A methodology clearly identifies the major participants of the decision making/ aiding process, 
such as: the decision maker (DM), the analyst and the interveners (stakeholders) and their roles in this process. DM 
defines the objectives of the decision process, expresses preferences and finally evaluates the solutions obtained. 
The analyst is responsible for the decision support process. He/ she constructs a decision model, selects the methods 
and tools to assist in solving the decision problem, explains the consequences of such decisions. The interveners/ 
stakeholders are the active participants of the decision process. They express subjective opinions and expectations 
and define their preferences.  
The process of solving a multiple objective decision problem is based on the application of computerized tools 
and methods. Those methods can be classified in different ways. For the purpose of this research they are 
categorized based on two classification criteria, i.e.: the purpose of the decision process and the way of aggregating 
the DM’s global preferences. In the first case MCDM/A methods can be split into (Figueira, Greco, & Ehrgott, 
2005): 
x Multiple criteria choice/ optimization methods. 
x Multiple criteria sorting methods. 
x Multiple criteria ranking methods.  
The second classification criterion allows distinguishing: 
x Methods of the American inspiration, based on the Multi-Attribute Utility Theory (e.g. AHP, UTA). 
x Methods originated in Europe, based on the outranking relation (e.g. Electre III/IV, Promethee I and II, Oreste). 
 
2.2 Applied Multiple Criteria Ranking Methods 
 
In this paper two most representative multiple criteria ranking methods of the European and American school 
of MCDM/A, i.e. ELECTRE III/IV and AHP, are applied to evaluation of transportation projects. Their description 
is presented below.  
ELECTRE III/IV method (Vincke, 1992) allows ranking a finite set of variants A evaluated by a family of 
criteria F, and based on the preferential information submitted by the DM. The preferential information is defined in 
the form of criteria weights - w and the indifference - q, preference - p and veto – v thresholds. 
The outranking relation in the Electre III/IV method is built on the basis of the so called concordance and 
discordance tests. In the concordance test, concordance indicators C(a,b) are computed, while in a discordance test 
discordance indexes Dj(a,b) for each criterion j are calculated. These indexes are aggregated into an outranking 
relation S for each pair of variants (a,b). The outranking relation indicates the extent to which” a outranks b” overall. 
This relation is expressed by the degree of credibility d(a,b), which is equivalent to the global concordance indicator 
C(a, b) weakened by the discordance indexes Dj(a,b). The values of d(a,b) are from the interval [0,1]. Credibility 
d(a,b)=1 if and only if the assertion a S b (“a outranks b”) is well founded, d(a,b)= 0 if there is no argument in favor 
of a S b (not a S b – “a does not outranks b”). Based on the values of d(a,b) the method establishes two preliminary 
rankings - complete descending and ascending preorders. In the descending distillation the ranking process starts 
from the selection of the best variant, which is placed at the top of the ranking while in the ascending distillation the 
variants are ranked in the inverse order.  
The final results can be presented either in the form of the ranking matrix or in the form of the outranking 
graph. They are the results of the intersection of the above mentioned complete preorders. The ranking matrix and 
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the outranking graph define the pairwise relationships between variants. The following situations can be 
distinguished there: indifference (I), preference (P), lack of preference (P~) and incomparability (R). 
The AHP (Analytic Hierarchy Process) method (Saaty, 1980) also allows ranking a finite set of variants A. 
It is based on the hierarchical analysis of the decision problem. The hierarchy of the decision problem is constructed 
through the definition of its overall objective, evaluation criteria and sub-criteria, and finally the variants. On each 
level of the hierarchy, based on the pair-wise comparisons of criteria, sub-criteria and variants, the DM’s 
preferential information is defined in the form of relative weights wr (Saaty, 1980). Each weight represents relative 
strength of the compared element against another and it is expressed as a number from 1 to 9. All weights have a 
compensatory character, i.e.: the value characterizing the less important element (1/2, 1/5, 1/9) is the inverse of the 
value characterizing the more important element in the compared pair (2, 5, 9). When the preferential information is 
defined the AHP algorithm investigates the consistency level of all matrices of relative weights wr on each level of 
hierarchy. Through the calculation of a, so-called, consistency index CI one can measure how consistent is the 
preferential information given by the DM. If the value of CI is close to 0 the preferential information given by the 
DM is considered to be almost perfect. The acceptable level of CI is below 0.1. 
The algorithm of the AHP method focuses on finding a solution for a, so-called, eigenvalue problem (Saaty, 
1980) on each level of the hierarchy. As a result, a set of vectors containing normalized, absolute values of weights 
wa for criteria, sub-criteria and variants are generated. The sum of the elements of the vector is 1 (100%). The 
absolute weights wa are aggregated by an additive utility function. The utility of each variant i – Ui is calculated as  
a sum of products of absolute weights wa on the path in the hierarchical tree (from the overall objective, through 
criteria and sub-criteria) the variant is associated with. The utility Ui represents the contribution of variant i in 
reaching an overall objective and constitutes its aggregated evaluation that defines its position in the final ranking. 
 
2.3 Evaluation of transportation projects 
 
In the majority of cases, the investment processes carried out in the transportation systems are organized in the 
form of TP-s. Transportation projects implemented in urban areas usually focus on the development and 
enhancement of the urban transportation system. They include such undertakings as: building a new road segment, 
upgrading a roundabout and/or overpass, developing a new tramway depot, replacing the fleet of buses or building  
a new P&R parking lot (Lee, 2000; Gercek, Karpak, & Kilincaslon, 1998; Morisugi, 2000; Zak, Fierek, Zmuda-
Trzebiatowski, & Kruszynski, 2013; Zak, 2005).  
Municipal authorities usually consider TP-s as a tool to satisfy major goals of the city’s transportation policy and 
the city’s development strategy, which may be constructed in the form of a hierarchical tree of goals composed of 
three main levels, i.e. strategic level, tactical level and operational level. As presented in the “Introduction” the 
requirements and expectations resulting from each of these levels should be included in the evaluation of 
transportation projects. For these reasons the evaluation of TP-s should cover many aspects and should satisfy the 
interests of different stakeholders (Kruszynski, 2014). 
In the urban environment, the evaluation and selection of transportation projects to be carried out is a complex 
and challenging task. It is usually linked with the definition of the municipal budget in which certain public funds 
are allocated for the investment in transportation infrastructure. The aforementioned evaluation of transportation 
projects may be carried out in different ways (Zak, Fierek, Zmuda-Trzebiatowski, & Kruszynski, 2013; Kruszynski, 
2014). 
Methodologies of evaluation TP-s (systems) can be divided into two groups: the first one includes general 
methodologies, such as: Expert Panel – EP and Multiple Criteria Analysis – MCA / Multiple Criteria Decision 
Making/Aiding – MCDM/A. The second one includes detailed methodologies, i.e.: Benchmarking – B, Cost Benefit 
Analysis – CBA, Cost Effectiveness Analysis – CEA, Cost Utility Analysis – CUA, Economic Impact Analysis – 
EIA and Social Return on Investment – SRoI (Commision, 2008; Ehrgott, Figueira, & Greco, 2010; Lee, 2000; 
Vickerman, 2000). 
It can be concluded from literature review that Cost Benefit Analysis (CBA) and Multiple Criteria Decision 
Making/Aiding (MCDM/A) may be considered as the most frequently used methodologies of transportation project 
evaluation. (Commision, 2008; Lee, 2000; Morisugi, 2000; Ehrgott, Figueira, & Greco, 2010).  
MCDM/A methodology allows for taking into account both such measures that can be expressed in financial 
terms (including the aspect of the value of money in time), and those that require non-financial interpretation e.g. of 
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social, environmental or technical character. These features constitute major assets of this methodology (Figueira, 
Greco, & Ehrgott, 2005; Caliskan, 2006; Cascajo, 2005). Therefore, in many reports authors present practical 
applications of MCDM/A methodology for analysis, evaluation and ranking of specific transportation-related 
investments (De Brucker, 2011; Caliskan, 2006; Cascajo, 2005; Gercek, Karpak, & Kilincaslon, 1998; Hayashi  
& Morisugi, 2000; Kruszynski, 2014; Morisugi, 2000).  
3. The concept of multiple level, multiple criteria evaluation of urban TP-s 
A universal methodology of multiple level, multiple criteria evaluation of urban transportation projects 
(Kruszynski, 2014) has been formulated in response to new requirements concerning the evaluation of urban TP-s. 
Based on the new approach of the assessment proposed by M. Kruszynski (Kruszynski, 2014) the projects’ 
evaluation should: 
 Take into account multiple level, multiple criteria character of the decision problems in question and use  
Multiple Criteria Decision Making Aiding (MCDM/A) methodology to solve/analyze them, and (in some cases) 
guarantee the flexibility to combine MCDM/A with Group Decision Making (GDM) methodology. 
 Assure possibility of comprehensive evaluation of urban TP-s of different character and analyze their influence 
on satisfying  transportation projects’-related goals, urban transportation policy (sectorial) goals and overall 
strategic objectives of the city (defined in the Development Strategy of the metropolitan area). 
 Guarantee that many aspects of technical, economic, social, environmental and political character, as well as 
interests of various stakeholders (residents and city users, municipal authorities, public transportation operators, 
passengers) will be taken into account. 
 Apply modern, state of the art and currently available computational methods, computer-based tools and 
techniques to support urban transportation management and city management. 
The methodology of multiple level, multiple criteria evaluation of urban transportation projects of complex 
character is composed of five levels (see Figure 1). At each level specific multiple criteria decision problems are 
solved with the application of a universal paradigm proposed by J. Zak et al (Zak, Fierek, Zmuda-Trzebiatowski, & 
Kruszynski, 2013). At level I specific urban transportation decision problems are solved whereas at levels II to IV 
multiple criteria decision sub-problems, isolated from the multiple level, multiple criteria ranking problem, are 
analyzed. Final solution to multiple level, multiple criteria decision problem (including comprehensive, global 
evaluation of TP-s of various characters) is achieved at the last stage (V) (Kruszynski, 2014). 
 This solution contains the aggregated, final ranking of all urban TP-s (Kruszynski, 2014).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. The methodology of multiple level, multiple criteria evaluation of urban TP-s  
Source: (Kruszynski, 2014) 
 
  
Level I - Solving specific multiple criteria decision problems concerning 
urban transportation - selection and classification of urban TP-s 
AGGREGATION Level II – Generating subject-matter ranking of urban TP-s
Level III – Generating sectorial ranking of urban TP-s 
Level IV – Generating strategic ranking of urban TP-s
AGGREGATION Level V – Generating final ranking of urban TP-s 
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4. Practical application of the proposed approach 
4.1 Construction of variants 
 
The analyzed set of TP-s covers a variety of investments and undertakings focused on enhancement of 
transportation infrastructure, replacement of transportation fleet and development of advanced/modern 
transportation solutions. They can be categorized into four major groups, including:  
- Group I – private (individual) transportation projects – 7 proposals denominated by variants PrT-1, PrT-2, 
PrT-3, PrT-4, PrT-5, PrT-6, PrT-7;  
- Group II – public transportation projects – 4 investments labeled PuT-1, PuT-2, PuT-3, PuT-4; 
- Group III – non-motorized transportation projects that encompass 4 new developments, called variants 
MN-1, MN-2, MN-3, MN-4; 
- Group IV – 3 projects focused on integration of the transportation system, marked in the abbreviated form 
by IT-1, IT-2, and IT-3. 
All the projects included in Group I concentrate on the extension and development of the road transportation 
infrastructure while their counterparts in Group II improve the condition of the public transportation system 
(infrastructure and fleet). TP-s assigned to Group III provide different transportation solutions for pedestrians and 
cyclists. The Group IV projects facilitate the integration of the urban transportation system. Short characteristics of 
all categories of TP-s (variants) are presented in the article by J. Zak and others (Zak, Fierek, Zmuda-Trzebiatowski, 
& Kruszynski, 2013). 
 
4.2 Definition of consistent families of criteria 
 
Each of the variants (18 urban TP-s), analyzed in this paper, has been successively evaluated using three groups 
of criteria - subject-matter, sectorial (transportation policy oriented) and strategic. The first group – subject-matter 
criteria, adapted to the characteristics of the projects considered, takes into account their industry specific features. 
Subject-matter criteria are divided into four groups corresponding to the four classes of urban TP-s described above. 
The sectorial criteria reflect the objectives of the city transportation policy. Strategic criteria are based on five 
strategic objectives defined in the development strategies of the majority of medium-sized cities. These are: the 
development of innovative economy; improvement of the investment attractiveness of the city; increase of the 
importance of the city; improvement of the quality of life and the attractiveness of spatial and architectural 
arrangement of the city.  
Table 1 presents assignment of particular criteria to each level of the multiple level hierarchy of the proposed 
methodology (presented in Figure 1) and to each group of projects. Despite the fact that some criteria have been 
given the same names, their meaning and scope may be different. The definition of all criteria is presented in the 
article by J. Zak and others (Zak, Fierek, Zmuda-Trzebiatowski, & Kruszynski, 2013). 
Table 1. The sets of criteria on each level of the multiple level hierarchy of the proposed methodology 
Level of 
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Criterion   Transportation Projects (TP-s) 
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Operational 
criteria 
(Level II) 
Investment costs OC-PrT-1 OC-PuT-1 OC-MN-1 OC-IT-1 
Investment profitability OC-PrT-2 OC-PuT-2 OC-MN-2 OC-IT-2 
Nuisance of the investment process OC-PrT-3 OC-PuT-3 OC-MN-3 OC-IT-3 
Safety OC-PrT-4 OC-PuT-4 OC-MN-4 - 
Quality of transportation infrastructure OC-PrT-5 OC-PuT-5 OC-MN-5 - 
Environmental friendliness OC-PrT-6 OC-PuT-6 - OC-IT-4 
Travel time OC-PrT-7 - - - 
Utilization of road infrastructure OC-PrT-8 - - - 
Average speed of the public transportation means - OC-PuT-7 - - 
Standard of travel  - OC-PuT-8 - - 
Directness of connections - OC-PuT-9 - - 
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Headway - OC-PuT-10 - - 
Accessibility of the public transportation system - OC-PuT-11 - OC-IT-5 
Integration ratio of the urban transportation system - - OC-MN-6 OC-IT-6 
Tactical 
criteria 
(Level III) 
Unit transportation costs TC-1 
Accessibility of the transportation system TC-2 
Travel time TC-3 
Safety TC-4 
Share of public transportation in the modal split TC-5 
Integration of transportation system TC-6 
Availability of parking areas TC-7 
Strategic 
criteria 
(Level IV) 
Investment productivity SC-1 
Impact on the labor market SC-2 
Investment competitiveness SC-3 
Academic potential SC-4 
Social attractiveness SC-5 
Comfort of life SC-6 
Spatial harmony SC-7 
Image of the city SC-8 
Economical balance of the metropolitan area SC-9 
Level of metropolitan integration SC-10 
 
4.3 Computational experiments (AHP and ELECTRE III/IV methods) 
 
At level I, specific decision problems concerning urban transportation system are solved. They refer to such 
issues, as: selection of the best location of the "Park and Ride" parking; evaluation and ranking of transportation 
solutions focused on the redesign and reconstruction of an important transportation intersection located within the 
city ring road ; evaluation and selection of the best possible low-floor tram model for urban public transportation 
system. 
a)                    b)  
Fig. 2. Intermediate rankings of TP-s assigned to PrT class, generated at level II a) with the application  
of ELECTRE III/IV method, b)  with the application of AHP method 
At levels II, III and IV separate multiple criteria ranking problems are formulated and solved with an 
application of either AHP, ELECTRE III/IV or a combination of both methods. In the first and second case AHP 
and ELECTRE III/IV methods, respectively are applied for computational experiments at levels II – IV of the 
proposed methodology.  In the last case, when AHP and ELECTRE III/IV methods are utilized in a combined form 
AHP is used at level II, while ELECTRE III/IV is applied at levels III and IV.  At level V all the previously 
generated rankings (Levels II – IV) At level V all the previously generated rankings (Levels II - IV) are aggregated 
based on the formulas presented in Table 2. The MCDM/A methods applied at levels II - IV have been used to 
generate the respective intermediate and final/overall rankings of TP-s. The selection of these methods was based on 
a comprehensive analysis of their axiomatic characteristics and detailed recognition of specific features of the 
decision problem and decision process. ELECTRE III/IV and AHP methods were selected as the tools that best fit 
the characteristics of the decision problem (category, set of variants, number of criteria, type of available 
information), match the requirements of the decision process (DM, stakeholders) and satisfy the requirements of the 
DM and stakeholders (the way of expressing and modeling their expectations and preferences). The details of the 
selection process can be found in the work of J. Zak and others (Zak, Fierek, Zmuda-Trzebiatowski, & Kruszynski, 
2013).  
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At level II specific TP-s are first evaluated within a given class, based on different subject-matter criteria. One 
family of criteria is characteristic for the TP-s focused on private transportation, another one evaluates public TP-s. 
Two other families of criteria assess non-motorized urban transportation projects and projects focused on integration 
of transportation modes. As a result, several intermediate rankings of considered urban TP-s are generated, 
including: private TP-s (PrT class); public TP-s (PuT class); non-motorized TP-s (MN class) and projects focused on 
integration of the transportation system (IT class). The examples of these intermediate rankings for level II and TP-s 
assigned to PrT class are presented in Figure 2. The number of intermediate rankings corresponds to the number of 
classes of TP-s under consideration, i.e. 4 in the presented article. Finally their aggregation is required to produce 
subject-matter ranking for level II. Formulas (1) and (5), presented in Table 2, are proposed by the authors for 
aggregation at level II.  
 
Table 2. Aggregation formulas used at different levels of multiple level, multiple criteria evaluation of urban TP-s, using 
AHP and ELECTRE III/IV methods and combined AHP/ELECTRE III/IV methods 
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σ ܽ ή ௜ܲ௦ ൅ σ ܾ ή ܫ௜௦ ൅ σ ܿ ή ܴ௜௦௟௜ୀଵ௟௜ୀଵ௟௜ୀଵ
ή ͳͲͲΨ (7) 
V ௜ܷ ൌ ௜ܷ
௠ ή ݓ௠ ൅ ௜ܷ௢ ή ݓ௢ ൅ ௜ܷ௦ ή ݓ௦
ݓ௠ ൅ ݓ௢ ൅ݓ௦  (4) ௜ܷ ൌ
௜ܷ௠ ή ݓ௠ ൅ ௜ܷ௢ ή ݓ௢ ൅ ௜ܷ௦ ή ݓ௦
ݓ௠ ൅ ݓ௢ ൅ ݓ௦  (8) 
Where: 
Uim – utility i of urban transportation variant/project in subject-matter ranking; lk – number of members in class k, where k = 1,2, …,n; 
Uio – utility i of urban transportation variant/project acc. to sectorial criteria; n – number of classes; 
Uis – utility i of urban transportation variant/project acc. to strategic criteria; 
Ui – utility i of urban transportation variant/project in final ranking; 
ik – urban transportation variant/project in class k,  
where ik = 1, 2, …, lk; 
a,b,c – point indexes, a = 2, b = 1, c = 0.5; i – urban transportation variant/project, where i = 1, 2, …, l; 
௜ܷೖ
௞  – utility ik of urban transportation variant/project in ranking of projects of 
class k; 
l – number of analyzed variants/projects in urban 
transportation; 
௜ܲೖ
௞  – preference ik of urban transportation variant/project in ranking of projects 
of class k, 
௜ܲ௢ – preference i of urban transportation variant/project in 
sectorial ranking; 
ܫ௜ೖ௞  – equivalence ik of urban transportation variant/project in ranking of 
projects of class k, 
ܫ௜௢ – equivalence i of urban transportation variant/project in 
sectorial ranking; 
ܴ௜ೖ௞  – incomparability ik of urban transportation variant/project in ranking of 
projects of class k, 
ܴ௜௢ – incomparability i of urban transportation variant/project 
in sectorial ranking; 
௜ܲ௦ – preference i of urban transportation variant/project in strategic ranking; wm – weight of subject-matter ranking; ܫ௜௦ – equivalence i of urban transportation variant/project in strategic ranking; wo – weight of sectorial ranking; 
ܴ௜௦ – incomparability i of urban transportation variant/project in strategic 
ranking; 
ws – weight of strategic ranking; 
 
If AHP method is used for computational experiments, intermediate rankings at level II are aggregated 
according to formula (1).  If ELECTRE III/IV method is used for computational experiments, the  intermediate 
rankings obtained at level II present preference (P), indifference (I) or incomparability (R) of certain projects in 
relation to other projects (Figure 2 a). In order to aggregate the obtained rankings into a single subject-matter 
ranking, the authors proposed normalization and aggregation by formula (5) where projects are first evaluated in 
intermediate rankings by granting them points for: preference (P) - 2 points, indifference (I) - 1 point, and 
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incomparability (R) - 0.5 point. Then, because the number of projects in specific classes varies, it is necessary to run 
normalizing aggregations of the utility obtained (synthetic indexes) for specific transportation projects within 
specific intermediate rankings into a single, common subject-matter ranking. This necessity is a consequence of the 
fact that 100% of utility in each class  must be distributed into a different number of projects that are assigned to this 
class. This yielded normalized utility (synthetic indexes) ௜ܷ௠ for all variants that define their positions in a common 
ranking according to subject-matter criteria for given methods and their combinations (see Table 3). 
 
Table 3. Final results of computational experiments. Rankings of TP-s based on the computation of their 
utilities Ui    
 AHP method ELECTRE III/IV method Combined AHP/ELECTRE methods 
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IT-1 5.32 2.41 3.62 3.78 15 5.56 1.78 2.31 3.21 15 5.32 1.78 2.31 3.14  15
IT-2 7.11 5.46 6.76 6.44 3 11.11 4.63 10.54 8.76 3 7.11 4.63 10.54 7.43 4 
IT-3 4.22 3.01 4.33 3.85 14 0.00 3.38 7.74 3.71 13 4.22 3.38 7.74 5.11 13
MN-1 4.18 2.28 2.90 3.09 17 5.56 1.07 2.31 2.98 16 4.18 1.07 2.31 2.52 16
MN-2 7.25 3.86 2.83 4.65 10 5.56 9.07 2.31 5.65 8 7.25 9.07 2.31 6.21 6 
MN-3 6.07 3.16 2.48 3.90 13 5.56 7.30 2.31 5.06 10 6.07 7.30 2.31 5.23 11
MN-4 4.69 3.41 2.50 3.53 16 5.56 9.25 2.31 5.71 9 4.69 9.25 2.31 5.42 7 
PrT-1 7.87 7.34 3.89 6.37 4 11.67 5.87 2.31 6.62 6 7.87 5.87 2.31 5.35 9 
PrT-2 3.11 5.66 10.04 6.27 7 0.97 3.74 6.10 3.60 14 3.11 3.74 6.10 4.32 14
PrT-3 4.97 7.28 4.62 5.52 8 8.26 3.74 7.74 6.58 7 4.97 3.74 7.74 5.48 8 
PrT-4 11.56 18.20 17.85 15.87 1 6.80 12.09 11.19 10.03 1 11.56 12.09 11.19 11.61 1 
PrT-5 4.81 8.35 5.71 6.29 6 6.32 8.19 9.22 7.91 4 4.81 8.19 9.22 7.41 5 
PrT-6 3.04 2.28 3.61 2.98 18 0.97 0.71 2.31 1.33 18 3.04 0.71 2.31 2.02 18
PrT-7 3.49 6.09 9.51 6.36 5 3.89 9.79 9.88 7.85 5 3.49 9.79 9.88 7.72 3 
PuT-1 4.22 2.59 5.19 4.00 11 0.00 5.51 6.26 3.92 12 4.22 5.51 6.26 5.33 10
PuT-2 4.76 5.83 4.43 5.01 9 4.44 0.00 2.31 2.25 17 4.76 0.00 2.31 2.36 17
PuT-3 5.06 3.65 3.30 4.00 11 4.44 4.63 5.77 4.95 11 5.06 4.63 5.77 5.15 12 
PuT-4 8.27 9.24 6.15 7.89 2 13.33 9.25 7.08 9.88 2 8.27 9.25 7.08 8.02 2 
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At level III (tactical) and level IV (strategic) the TP-s are evaluated by respective families of tactical 
(transportation policy oriented) and strategic (focused on overall goals of the city) criteria. If AHP method is applied 
to numerical experiments, the intermediate rankings in level III and IV are generated without the need for additional 
normalization and aggregation (see table 2 formulas (2) and (3)). If ELECTRE III/IV method is applied for a 
computational experiment at levels III and IV is it necessary to evaluate projects in both rankings, i.e. sectorial and 
strategic, before starting aggregation of the three rankings (subject-matter, sectorial, strategic). This evaluation, 
similarly to level II, consists in granting 2 point for preference (P), 1 point for indifference (I) and 0.5 point for 
incomparability (R) relations between variants – TP-s and then normalizing the results obtained with the use of 
formulas (6) and (7) presented in Table 2. 
At level V the final aggregation of all generated intermediate rankings of TP-s is performed. The final ordering 
of all variants – TP-s under consideration is obtained through the computation of their final utilities ௜ܷ, resulting 
from their subject-matter ௜ܷ௠, sectorial ௜ܷ௢ and strategic evaluations ௜ܷ௦ (Table 3). The values of Ui are obtained by 
the application of formulas (4) and (8).  In the presented analysis, the authors assume that all the above-mentioned 
evaluations of urban TP-s presented in three intermediate rankings are equally important for the DM and therefore 
the same weights ݓ௠ ൌ ݓ௢ ൌ ݓ௦have been assigned for the subject-matter, sectorial and strategic rankings, 
respectively. The values of TP-s utilities – Ui determine their ultimate positions in the final ranking being a solution 
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to their multiple level, multiple criteria evaluation. They also inform how the implementation of specific TP-s 
contributes to the satisfaction of the goals defined at various levels of city governance. Table 3 presents final 
ranking generated with the application of AHP and ELECTRE III/IV methods and their combination .   
 
4.4 Analysis of results 
 
As presented in Table 3 the rankings generated by AHP method, ELECTRE III/IV method and their 
combination are substantially different. Also the values of computed utilities of particular TP-s are quite diversified. 
They range between: 2.98 and 15.87 for project evaluations generated by AHP method; 1.33 and 10.33 for results 
obtained by ELECTRE III/IV method and 2.02 and 11.61 for the combined application of both methods.  
The generated results do not transparently indicate which of the calculations are the most reliable and how to 
select concrete projects for implementation. At the same time certain similarities of performed evaluations can be 
pointed out. In all the final rankings, regardless of the applied MCDM/A method, four projects have not changed 
their positions in the ranking. These are: PrT-4, position 1; PuT-4, position 2; IT-1, position 15 and PrT-6, position 
18. In the group of additional 8 projects, including: IT-2, PrT-7, PrT-3, PrT-5, PuT-1, PuT-3, IT-3, MN-1the 
dispersion of results generated by different approaches is relatively small (1-2 units). There is also a group of 6 
projects with ambiguous evaluations generated by different methods. These projects include: PrT-1, PrT-2, MN-2, 
MN-3, MN-4, PuT-2. In the most critical cases the differences in TP-s positions in the final rankings are as follows: 
4 vs. 9 (PrT-1), 7 vs. 14 (PrT-2), 6 vs. 10 (MN-2), 9 vs. 17 (PuT-2) and 7 vs.16 (MN-4). In those cases the 
assignment of a TP to a specific position is difficult.  
Based on the generated results one may select a group of leading TP-s that are placed at the top parts of all 
rankings. These are, in the sequential order (positions 1 to 5): PrT-4; PuT-4; IT-2; PrT-7 and PrT-5.  The results of 
evaluation of these projects are pretty consistent. There is also a group of 4-5 projects that are regularly placed at the  
bottom part of the rankings. These TP-s include (positions 14 – 18): IT-3, PuT-2, IT-1, MN-1 and PrT-6. Also for 
this group of projects (except PuT-2) the results are pretty consistent and repeatable for all applied approaches.  
5. Conclusions  
The article presents an original methodology of multiple level, multiple criteria assessment of TP-s of various 
character, carried out on three city management levels: strategic, tactical and operational. The article shows that the 
methodology of multiple level, multiple criteria evaluation of urban TP-s requires the application of appropriate 
MCDM/A method at the respective levels of the analysis. In the computational phase the authors have used the 
following computational procedures: AHP method alone, ELECTRE III/IV method alone, and a combination of 
both methods. Because of axiomatic differences between the two methods the authors have proposed different 
formulas for aggregation of intermediate rankings obtained with these methods and they have compared the 
generated results. They also proposed formulas for translating positions of variants in rankings obtained at levels II, 
III and IV with the use of ELECTRE III/IV method into synthetic indexes i.e. utility. This allowed for aggregation 
of these rankings into a subject-matter ranking at level II and final ranking at level V, as well as joint application of 
AHP and ELECTRE III/IV methods in a single multiple level, multiple criteria analysis.  
The major output of this work is the comparative analysis of results obtained with the use of both MCDM/A 
methods (AHP and ELECTRE III/IV) for multiple level, multiple criteria evaluation of urban TP-s, as well as 
proposition of various formulas for aggregation of intermediate rankings, separately for AHP and ELECTRE III/IV 
methods.  
Based on the presented research the following conclusions can be drawn: 
 both the analyzed methods have universal character and can be applied to a wide spectrum of multiple level, 
multiple criteria ranking problems including evaluation of TP-s; their computational efficiency is very 
satisfactory; 
 ELECTRE III/IV and AHP methods are reliable and users’ friendly MCDM/A methods; 
 both the applied MCDM/A method are able to generate intermediate and final rankings of TP-s. 
When it comes to practical findings the authors would like to stress the possibility of using the proposed 
methodology for creating the city budget and city investment plans by prioritizing project implementation in relation 
to strategic, sectorial and operational goals.  
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In the authors’ opinion further research should be focused on testing other MCDM/A methods for evaluation of 
TP-s. The authors wonder which of the wide spectrum of multiple criteria ranking methods fits best the specific 
character of the multiple level, multiple criteria evaluation of TP-s. This stream of research would also result in new 
proposals of aggregation formulas of the intermediate rankings generated by different methods. 
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